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(54) HARD MATERIAL AND ITS PRODUCTION 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a hard material 
having a low coefft. of friction even without lubrication 
and having excellent wear resistance and corrosion 
resistance and a process for producing the same. 
SOLUTION; This hard material is a hard metallic 
material of metal molds, cutting tools or sliding parts, etc. 
A TIN coating layer 2 formed by a vapor deposition 
method or powder metallurgical method is formed on the 
surface of the hard metallic material for contact with a t 
mating material or all of the materia! sections of the 
contact part. The surface 3 of this TiN coating layer is 
formed by ion implantation of chlorine at a concn. of £1* 
1018 ions/cm2, more preferably 1x1016 to 1017 
ions/cm1 is its surface concn. In addition, the chloride 

ions do not exist near the boundary of the TiN coating layer 2 with the metallic material. This 
process for producing the hard material consists in forming the TiN coating layer 2 formed by 
the physical vapor deposition method or powder metallurgical method on the surface of the 
hard metallic material of the metal molds, cutting tools or sliding parts, etc., in contact with the 
mating material or all of the material sections of the contact part, ion implanting the chlorine 
from the surface 3 of the TiN coating layer 2 at a concn. of £1*1016 ions/cm2, more 
preferably 1x1016 to 1*10 ions/cm2 in its surface concn. and implanting the chlorine In such a 
manner that the chloride ions do not exist near the boundary of the TiN coating layer 2 with 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRiPTfON 

[Detailed Description of the Invention] 
[00013 

[Field of the Invention] About suitable hard material for a metallic mold, a cutting tool, or a 
moving part, and a manufacturing method for the same, even when this invention is-less 
lubricous in more detail, it relates to hard material which is a low friction coefficient and was 
excellent in abrasion resistance and corrosion resistance, and a manufacturing method for the 
same. 
£0002] 

f Description of the Prior ArfjGenerally, the titanium nitride (TiN) film is broadly used for a 
metallic mold, a cutting tool, etc. as a hard abrasion resistance film. 
Application to a moving part is also achieved in recent years. 

Usually, when a TiN film is rubbed against metallic material Itself or a mating materia! under an 
unlubricated condition, since a mating material agglutinates a membrane surface, a coefficient 
of friction does not necessarily become low. However, according to this invention person's 
examination, it became clear from a series of continuous research results that the coefficient of 
friction of the TiN film and metallic material which were formed with plasma CVD method is 
comparatively low. Although this reason is not certain, it is guessed for chlorine originating in 
un-decomposing of the titanium chloride which is a raw material at the time of the membrane 
formation in the case of applying plasma CVD method, especially the chlorine which remained 
without decomposed and going out at the time of membrane formation when temperature is 
low to mix all over a TiN film. However, by contacting the metallic material which is a raw 
material, this chlorine mixed all over the TiN film has the serious problem of carrying out 
oxidation erosion of the raw material, and cannot put it in practical use as it is. 
[0003] 

[Probtem(s) to be Solved by the InventionjSn view of this actual condition, an object of this 
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invention is to provide hard materia! which is a low friction coefficient and was excellent in 
abrasion resistance and corrosion resistance even when it was-less lubricous, and a 
manufacturing method for the same. The bases of such a technical problem and this invention 
persons do not make chlorine contain all over a TIN film paying attention to the wear-resistant 
improvement effect by chlorine content with plasma CVD method, but a chlorine pouring layer 
is formed only in the surface, It recollects to combine with the TiN forming-membranes method 
which does not cause chlorine mixing at the time of membrane formation, and comes to 
succeed in this invention. 
[0004] 

[Means for Solving the ProbiemjNamely, in hard metallic materials, such as a metallic mold, a 
cutting tool, or a moving part, this invention, A TiN enveloping layer in which contact surfaces 
with a mating materia! of this hard metallic material or all the material parts of a contact portion 
were formed with physical vapor deposition or powder-metallurgy processing is formed, In 
chlorine, that surface concentration from this TiN enveloping iayer surface Concentration more 
than 1x10 19 i'ons/cm 2 , It comes to carry out an ion implantation by concentration of 1x10 
16 ions/cm - 1x10 1 ions/cm 2 preferably, And hard material, wherein a chloride ion does not 
exist near the interface with a metallic materia! of this TiN enveloping layer, To and contact 
surfaces with a mating material of hard metaiiic materials, such as a metallic mold, a cutting 
tool, or a moving part, or all the material parts of a contact portion. A TiN enveloping layer 
formed with physical vapor deposition or powder-metallurgy processing is formed, this TIN 
enveloping layer surface to chlorine -- that surface concentration - concentration more than 
1x10 16 ions/cm 2 ~ an ion implantation being carried out and by concentration of 1x10 
16 ions/cm 2 - 1x10 17 ions/cm 2 , preferably, And said technical problem is attained with a 
manufacturing method of hard materia! carrying out an ion implantation so that a chloride ion 
may not exist near the interface with a metaiiic material of this TiN enveloping layer. 
[0005] 

[A mode of implementation of an invention] According to above-mentioned this invention, the 
surface level of chlorine on the surface of a TiN enveloping layer formed in the metallic 
materia! surface with physical vapor deposition or powder-metallurgy processing Concentration 
more than 1x10 16 ions/cm 2 , Since the ion implantation is preferably carried out by 

18 2 17 2 

concentration of 1x10 ' ions/cm -1x10 ' ions/cm , This chlorine pouring layer has self 
lubricity, since it is the number of low friction systems even if a mating material is an elastic 
metallic material, adhesion of a mating material can be prevented, and the feature of a TiN 
layer which is hard is maintained, and it is hard to wear out. Since chlorine does not contain 
into a TiN iayer portion near [ in which it not only excels in abrasion resistance, but it is a low 
friction coefficient and a TiN layer was formed ] the metal materia! !ayer, a problem of corrosion 
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of a raw material is also solved. 

[0006]Drayying 1 is an explanatory view of this invention, (a) shows only the base materia! 1 
and the state where (b) formed TiN layer 2 In base material one side, and the state where (c) 
formed in the TiN layer surface the chlorine pouring layer 3 which poured in chlorine are 
shown, respectively. The base material 1 can use usual high speed tool steel, alloy tool steel, 
bearing steel, stainless steel, heat resisting steel, aluminum and its alloy, titanium and its alloy, 
super-hardness, various ceramics, etc., and carries out mirror finish of the one side surface 
formed by polishing work in advance of membrane formation of TiN iayer 2. Membrane 
formation of TiN fayer 2 is formed in physical vapor deposition, what is called PVD, and a 
concrete target with vacuum deposition, such as the ion plating method, a vacuum deposition 
method, sputtering process, and the ion-beam-mixing method, or powder-metallurgy 
processing. Although TIN iayer 2 is formed by such a method in this invention, although a 
titanium chloride is used as a raw materia! like plasma CVD method by a heat CVD method 
among chemical vapor deposition, since treatment temperature is very high at the time of a 
process and undecomposed chlorine does not remain TiN layer 2, it is applicable. In short, if 
this invention is a means which chlorine does not contain all over a film substantially, it is good 
by any methods. Although thickness of TiN iayer 2 is based also on the formation method, it is 
preferred to consider it as the range of 0.2-10 micrometers applied as a usual hard abrasion 
resistance film. If thinner than 0.2 micrometer, a possibility that a chloride ion may reach even 
near the base materia! interface at the time of chlorine pouring which is a next process will 
become large. Conversely, even if it makes it thicker than 10 micrometers, although membrane 
formation time and expense increase, wear-resistant improvement is not so much expectable. 
[0007]On TiN layer 2, chlorine is poured in and the chlorine pouring layer 3 is formed. An ion 
implantation is art used widely by semiconductor technology, and this invention can use ion 
implantation equipment used at the time of these semiconductor manufacture as it is. Chlorine 
pouring can give these pouring devices to the moderate depth by moderate concentration by 
having the accelerating energy of about 100 keV and usually carrying out chlorine pouring with 
accelerating energy of this level, it coming out that chlorine carries out until attainment so more 
deeply from the surface naturally, if accelerating energy is made more into a high level, of 
course, but. In this invention, concentration of the chlorine pouring iayer 3 in the surface of TiN 
layer 2 carries out an ion implantation by concentration of 1x10 16 ions/cm 2 - 1x10 17 ions/cm 2 , 
And it is important that chlorine does not exist in TiN layer 2 near the interface of the base 
material 1 and TiN layer 2, and it is preferred to use an old pouring device for semiconductor 
manufacturing devices, etc. as it is from the point. When there is less level of chlorine of the 
chlorine pouring layer 3 in the TiN iayer 2 surface than 1x10 16 ions/cm 2 , it does not become a 
wear-resistant improved effect or a low friction coefficient in an unlubricated condition, but it 
becomes impossible to attain an expected technical problem. The chlorine pouring iayer 3 in 
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the TIN layer 2 surface decreases concentration gradually as it becomes deep to a thickness 
direction of TIN layer 2, and it almost serves as zero about by about about 1 of thickness / ten 
to 8/10. Although an example of this invention is shown betow, this invention is not limited to 
these examples. 
[0008] 

[ExampleJComrnercial powder high speed tool steel was used as a substrate. Machining 
adjusted to phi25mm and about 4 mm in thickness, and mirror polishing of one side was 
carried out with the diamond abrasive grain after hardening and annealing. The TIN film about 
2 micrometers thick was generated using the hoiiow cathode discharge type industrial use ion 
plating system on the whole surface of this substrate, and it was considered as the specimen. 
The heater which carried out temperature setting to 723K performed substrate heating during 
membrane formation. 

[0009]After evaporating aluminum trichloride of 99.99% of purity in the solid vaporizer with 
which the ion source was loaded using the device for semiconductor manufacture for chloride- 
ion pouring, mass separation was ionized and carried out and only the chloride ion of 
monovalence was chosen. Accelerating energy was set to 1 0OkeV and the amount of ion 
implantations was made into the range of 1x10 16 ions/cm 2 - 1x10 17 ions/cm 2 . The average ion 
beam current density under ion implantation was about 4microA/cm . Temperature control 
under processing was not performed. 

[0010]The ball of SUS304 and caribide (WC) was chosen as evaluation of a sliding 
characteristic as a mating materia! using the ball one disk type frictional wear tester. The test 
condition was made into the load 2 or 5N, the sliding speed 10, or 100 mm/s, and recorded 
change of the coefficient of friction. The abrasion of the specimen surface was observed with 
the scanning electron microscope (SEM), and ultimate analysis was further conducted with an 
energy-dispersive-X-ray-spectroscopy device (EDS). 

[001 1]As a result, change of a coefficient of friction is shown in drawing 2 and drawing 3. From 
these figures, the quantity of the chlorine injected Into the TIN layer surface shows a low 
coefficient of friction from immediately after the start of test by the thing of 1x10 ,6 ions/cm 2 , 
and the effect shows up enough in the quantity about 1x10 17 ions/cm 2 , and understands a 
certain thing. The place which observed the abrasion of the specimen surface after an 
examination with the scanning electron microscope (SEM), It turned out that the agglutinate 
mating material was observed in the sample face which did not perform chlorine pouring, a lot 
of [ into the abrasion portion this agglutination was accepted to be ] oxygen as a result of the 
ultimate analysis by EDS was detected, and oxidation has taken place simultaneously. In 
contrast, in the example concerning this invention, agglutination of a mating materia! was not 
accepted at all from the result of observation of the abrasion by SEM, and ultimate analysis, 
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and existence of oxygen was not able to be checked, either, this invention abrasion resistance 
film possessed self-lubrication performance from these results, and it became ** that it is a 
thing applicable to a moving part etc. as various rigid films in which use by an unlubrlcated 
condition is possible. When the chlorine poured in in the above-mentioned example is the 
quantity about 1x10 16 ions/cm^ on the TiN layer surface, By 1/10 ****, a chloride ion is not 
substantially contained from the surface noting that the usual thickness of a TIN layer is 2 
micrometers, and it does not exist in the TiN layer near the base materia! at all in particular. 
[0012] 

[Effect of the inver»tion]Accordmg to above this inventions, in the metallic mold and cutting tool 
which needed lubricant, lubricant can be conventionally made unnecessary, maintaining 
abrasion resistance also at the time of processing of the soft metai material for which 
especially application was difficult. Also in a moving part, lubricant is made unnecessary and 
energy loss can be further decreased by reduction of a coefficient of friction. When the hard 
materia] by this invention is applied by the above, the effect of saving resources and waste 
reduction can be expected. There are the following in the scope. 

(1) Bending, spinning : the life improvement of a metallic mold, antisticking of material, and 
improvement in process tolerance (2) Cutting : An improvement of a tool life, antisticking of 
material, and improvement in process tolerance (3) Autoparts : Wear-resistant improvement, a 
low friction coefficient, the improvement in energy efficiency, exhaust gas reduction 
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CLAIMS 

fClaim(s)} 

[Claim Ijln hard metaliic materials, such as a metallic mold, a cutting tool, or a moving part, a 
TIN enveloping layer In which contact surfaces with a mating material of this hard metallic 
material or all the material parts of a contact portion were formed with physical vapor 
deposition or powder-metallurgy processing is formed, Hard material, wherein the ion 
implantation of that surface concentration is carried out by concentration more than 1x10 
16 ions/cm 2 , and chlorine consists of this TiN enveloping layer surface and a chloride ion does 
not exist near the interface with a metallic materia! of this TiN enveloping layer. 
[Claim 2]The hard material according to claim 1 in which it comes to carry out chlorine the ion 
implantation of the surface concentration by 1x10 16 ions/cm 2 - 1x10 17 ions/cm 2 concentration 
from said TiN enveloping layer surface. 

[Claim 3]To contact surfaces with a mating material of hard metallic materials, such as a 
metallic mold, a cutting tool, or a moving part, or all the material parts of a contact portion. 
Form a TiN enveloping layer with physical vapor deposition or powder-metallurgy processing, 
and that surface concentration carries out the ion implantation of the chlorine in quantity used 
as concentration more than 1x10 ! 6 ions/cm 2 from this TiN enveloping layer surface, And a 
manufacturing method of hard material carrying out an ion implantation so that a chloride ion 
may not exist near the interface with a metallic materia! of this TiN enveloping layer. 
[Claim 4]A manufacturing method of the hard material according to claim 3 which performs 
chlorine which carries out an ion implantation from said TiN enveloping layer surface as the 
surface concentration turns into concentration of 1x10 1o ions/cm 2 - 1x10 17 ions/cm 2 . 



[Translation done.] 

p i. - ,. % c i i v < ie > i 4.iodl it.eo.iD/'l 



2 8 08 



Gs»n*n*8OT (jp> & §§ & f$ & & <a) mmmm^mmn 

•WWII -302830 

(43)&§IB ¥*H*(1998)1UJ2B 

(BDlntQ.* i»MSi^ F I 

C2 3C 14/flS C2 3C 14/06 A 



**feft M&R®ft4 FD (±4 JO 



mmmm *«¥»o-t3i32o 


(71) SUA 


581043581 












«K#fr«g:i!Sf!^ 2 T S 8 # 1 




(72)58§» 


HM $ 
















(72) %f»f 

















(54) «««rR-©«ifc^ 



(so i wm 

tfcSL IJJHtri* i L < UfflfiltiMb$<7)« 
jfiit L. < (*&ftfc&e>tt »a^T*«i£ i> t < ttft 

*7^t&T^ s tutu mmmmzti. zomm 

.fcwjME. 8=t t <liix 10 )S ions/c««~ 1 xiFtoss 
s ffi t < l± 1 x 10 s 5 ions/c»*- 1 ;<io ! ?*o»s/c 




1 

i mm 1 1 mi muMi> i < nmmmmm 

ansa* i xwn*m/<rfj^0ffl&b%i>§tv-4 * 
m-f * L*v> J: 3 ic-f tfy&x-rsc t 

/c*tm&b*6 xoiz txfs o mm 3 mmamm 

[0001 j 

u xmt< ammm-chmmmrnx't^mmm: 

10002] 

immmi -m^ m&?y ammo., mm 

*mm<7>®MKMm\ ryx-ro/rnxmrn^ 
titzrmt &mmt<om&imi±wim&^zktf 

m»x&&w\ T?x-?am£mit&®&co!m 
mmmxfozmtf"? y^ftMiz&m&mm. m 

i m&ffl:MA 1 tdtmimmx-h & £am® t mm 

& L k fc«fc 0**r*8Mfc«ft* &krn Jfc*?fc|SP£* 
HPT* fc<0C* 0 .. ;t3gmLtt&^(><*n?*"9 

10003] 

tm&mkti oktmm »»w. * 50 



nmW- 1 1-302830 

2 

mttzbWt&z. zmi 0 ttwmh k . *wm 

mmmu mmmizmm^mzitr^ -mtv 
mmjXMmmt&z t . m.mzmmxm% 
Kcwms$jmkm.&&£>$ hzk , *m\& 
&i-tzm^tzi><oxb&. 

[0004 J 

ffi. Bill, L<li:fS.^ f W)«Sl^««^fc^ 

^ilg^-e-^a^^ I. Xlffs ions/ctfJ2Uitf)i«K. 
»t t<Ji 1 XlOJBioas/o 2 — 1 XIOi^itWc^^M^ 
XA *y&AtttXXtc D . ^->MTiNM»^^«« 

t5««n mtzm. %mmt>i<ii.tmm 
m*m&m&m®&*k mm t> i- < mmmm 
nmumzx iz . mmmm i> u < 1* 

xwnamwm&mu « 

& L<$il X10 16 i ons/es* - 1 X 10" ions/erf 
[00053 

mzwmimmmh t < <i»^^t-itMsti^TiN 

IfOmSL »it<{il Xl«i«iofe:/<:»2-l XlO^ions 

£fzmx&&mmmmm®Lxm£\m\ t 
fzmm^mx^>mmw&mm<r)m ^ m 

&mhx\mwx, mmiwrnhmmisti 

[ooo6jg}5 itxmpmnmxh ? ) . <a)«®« 

1 a»»m U (b) IBicTiNl 2 «*«,Lft:«« 

®xm> mxm. mm. xy-yuzm. m 
m. Tfi>$z.y&BLV*(?>it&. +fywi0>&&.. 
mm. $m*"7Zv7xm { B%T§. imm2*>im 



mm. xn.^uy^, A^yt'-i^^-^y^im 

TiNJB2»SL3r«-W. afflHTffiT**. att**5] 
fl^SJftJ: -5 t t, J: v k nnm 2 «*tW±**»Bjfc 

l>0.2~10ju m6D«iat f h £ #Jff* U \ 0. 2# m «fc 

msimm-h, a Jsy\t\\z*mMmxm\\zKh 
L><r)&*3£mm#;. iookevm^Mx*/i^- z # 

tfraii«i*«tt*iB*>6j: ij*< a-caartsi tot 
m*xfci>i)\ mmxMmm2 >>mtz}mz,mm 

&AB 3 <nmgtf 1 X 10» « i ons/cs* - 1 X 10 ! » i ons/c»» 
0j§ftT"f *y&AU 1 fcTi N/1 2 fc iO^ffi 

SSOTiN^ 2rttai««46ffftL*V^ fc AWT* 

m t rim2mwiz&^x i xio^ions/cM* i 

is. TiNS2»lCfcftSiSSaAS3l±TiN«2£OlS!f 
^-KffO#51/'10~8/10e«T«i:-l?nfc=6:*. OT 

[0008] 

[«fiwj «fc Lx^mmmmm^mmm v > 

fc. WtMnifciO. ^25ag. W3tt4-fcIfflEU & 

ah, «ML.«oa. Km* y a otm 

^ri^-r-f ^^^K*fflV^"C*3fi2jum(Wil« 
[0009] «*-f 3T>^tAtli-m!W«Ktffl<0iiaS: 



iilOOkeV . A ^VftAJUil XlO i6 ions/cffl2~l X 
10"ions/ctfORH!i:Lfc. -f Jr^aA+Wi^f tfy 

[ooio] m®m.mmz\i-$-}i< -^y-^^x 

-ii^iaiO. TiNffiSBfc&ASfi&S**) 
»i 1 X10> 6 ions/cs^ tf> fc OYIlittttBj^ftfr&ftV * 
flH8fl«**L. ^W««±lX10'-'ions/c^gft«S 

»«$lfl*^>6MCT»^(SEH) izX *)Wm Liz 

«{C±>V>TaA$ill>«***riN^ffiT'lxl0 ls iors/ 
foht LXmifrt? 1 /lWMTWBSM *> 'ttH«W 

[00 12] 

mm&mt uz^m^mz^izt-i^x . mzmm 
w&X'h^K&®±mmi?mTnizmmMmvm 
Ltctzmmmz-T^izTZ h . i^gifssstfcvrc 

40 ^-nx^^tH. ®±kzk n . *«ffl(c i4 
±. Jai«Ki6i± 

(2) flHtiBi : T.m®com, mmm 
it. aaifSKE&i-h 

50 mi] ^mm&wiiJLm^twmx'hz, , 



